Using multicolor detection to enhance the performance of infrared detection, such as for object discrimination and temperature sampling, 1,2 has attracted much investigation. Due to the flexibility in tailoring the detection wavelength and the spectral line shape, several designs utilizing intersubband transitions have been proposed. [3] [4] [5] [6] [7] [8] In particular, using stacks of multiple quantum wells ͑MQWs͒ to achieve multicolor detection is one the most common approaches. [6] [7] [8] In this approach, although the number of detection bands increases with increasing number of stacks, the number of contacts required to access all stacks will also increase. This complicates the fabrication process. To avoid the additional contacts, efforts have been made to develop the voltagecontrolled multicolor detectors to select the desired band via the control of the bias voltage. [6] [7] [8] However, the selectivity still remains to be improved and the bias requirement is usually too high ͑Ͼ8 V͒ 7 in these detectors. Photodetectors utilizing the interminiband transitions in superlattices ͑SLs͒ have been demonstrated to operate at zero or low bias voltage. [9] [10] [11] [12] [13] To reduce the large ground-stated tunneling current, most superlattice infrared photodetectors ͑SLIPs͒ were designed with a current blocking layer. In our previous study, 13 we found that the current blocking barrier in such a SLIP may also serve as an energy filter for the photoexcited carriers and result in a voltage-tunable spectral responsivity. In addition, the responsivity was also found to be polarity selective. It can only be turned on in one bias polarity in which the photoexcited carriers are driven from the SL to pass the blocking barrier. The tunable, polarity selective, and low-bias features of such SLIPs thus can be used to improve the selectivity and bias requirement of voltage-controlled multicolor detectors. In this letter, we present the multicolor detection with two such SLIPs in the back-to-back configuration as shown in Fig. 1 . The characterization of each individual SLIP and the integrated two-stack SLIP will be given. By changing the applied voltage on the two-stack SLIP, a variable detection range with peak wavelength at 5.5, 6.8, 8.5, and 10.8 m, respectively, is achieved.
The sample was grown by molecular beam epitaxy on a semi-insulating GaAs substrate. The bottom ͑long- 18 cm Ϫ3 ). The two SLIPs are sandwiched between two n ϩ -GaAs contact layers (nϭ1ϫ10 18 cm Ϫ3 ) and separated by a 4000 Å n ϩ -GaAs layer (nϭ1ϫ10 18 cm Ϫ3 ͒. The sample was processed into a two-step square mesa with three terminal contacts, as shown in the inset of Fig. 2 , to allow the characterization of each individual SLIP. The dimension of top square mesa is 150ϫ150 m 2 and that of bottom mesa is 200ϫ400 m 2 . The photoresponse and absorption spectra were measured using a Fourier transform infrared spectrometer ͑FTIR͒. For the photoresponse measurements, the detector under test was back illuminated through a polished 45°facet on the substrate. The photoresponse current was first amplified by a current preamplifier then fed into the FTIR. The absolute responsivity was calibrated by using an unpolarized blackbody source. To keep both component SLIPs operating under the background limited performance, the detector was cooled down to 45 K during the photoresponse measurements. However, the absorption spectra were measured at room temperature. To obtain the absorption spectrum of each individual SLIP, first the absorption spectrum of the sample, with contributions from both SLIPs, was taken. The absorption of the bottom SLIP was then measured by removing the The individual absorption spectra of the top and bottom SLIPs are shown in Figs. 2͑a͒ and 2͑b͒ , respectively. In addition to the absorption spectra, Fig. 2 also shows the normalized spectral responsivities of two individual SLIPs at several bias voltages. The spectral responsivity of each SLIP, though covering a different spectral range, varies with the bias voltage in a similar way. At near zero bias, compared with the associated absorption spectrum, the spectral responsivity is at a shorter wavelength range. With the increasing of the bias magnitude, the cutoff wavelength of the spectral responsivity extends to a longer wavelength. At even higher biases, for example larger than 150 mV for the bottom SLIP, the line shape of the spectral responsivity becomes insensitive to the bias voltage with a peak wavelength and a spectral range closed to those of the associated absorption spectrum. The agreement between the absorption spectrum and the responsivity spectra at high biases indicates that the voltagetuning behavior should be dominated by the transport process of the photoexcited carriers rather than by the absorption. Assuming the transport process is mainly limited by the blocking barrier, the voltage-tuning behavior can be explained in the following way: At near zero bias voltage, only those photoelectrons with their energies higher than that of the barrier can contribute to the photoresponse. When we increase the bias voltage, the photoelectrons with the energy slightly lower than that of the barrier can then tunnel through the triangular tip of the barrier. Therefore, it results in a longer cutoff wavelength. With further increasing of the bias voltage, the tunneling probability will increase and the barrier finally becomes nearly transparent for all photoexcited electrons. The resulting photoresponse spectrum thus exhibits a spectral range and a peak position closed to those of the absorption.
The responsivity of each individual SLIP versus the bias voltage is shown in Fig. 3 . We can see that each SLIP is turned on only when the applied voltage drives the photoelectrons generated from the SL layer to pass the blocking layer. When the photoelectrons are driven in an opposite direction, the responsivity is nearly negligible. The polarityselective feature in such an asymmetrical structure may be attributed to the fact that when those photoexcited carriers are driven in the turned-off direction, the reinjection carriers from the collector contact to the SL layer are prevented by the blocking barrier.
The spectral responsivity of the two stacks in the backto-back configuration as a two-terminal device is shown in Fig. 4 . The resulting spectra are similar to those in Fig. 2 . Under negative biases the photoresponse is mainly contributed from top SLIP, while under positive biases the photoresponse is from the bottom SLIP. The peak wavelengths are 5.5, 6.8, 8.5, and 10.8 m at Ϫ0.02, Ϫ1, 0.75, and 1.2 V, respectively. These results show the excellent voltagecontrolled capability of our device utilizing the polarityselective and voltage-tunable responsivity in each component SLIP.
In order to see the relation between the magnitude of responsivity and bias voltage, the responsivities versus bias voltage for wavelengths of 6.8 and 10.8 m were measured, as shown in Fig. 5 . The responsivity for 10.8 m reaches the maximum with 65 mA/W at about 1.2 V, and is turned off at negative biases. Similarly, the responsivity for 6.8 m reaches its maximum with 17 mA/W at about Ϫ1 V and is 
